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ABSTIbWI’:
Numerical modeling techniques in two- and three-dimensions were

used to predict the structural and mechanical behavior of sabo~rod systems
while inborc and just after muzzle exit, Three-dimensional transient
numerical simulations were used to predict the rod deformations and
states or stress and strain caused by axial and lateral accelerations during
launch. The numerical models include the launch tube, recoil motion, and
sabotirod system modeled as it transits the launch tube and exits. The
simulated rod leaves the muzzle of the gun, and exit parameters, including
transverse displacement, transverse velocity, pitch, and pitch rate are
extracted from the analysis results. Results fron~ the inbore numerical
simulations were compared with previous full-scale experiments. The
results of the compari~ons indicated a predictive capability to model inbore
three-dimensional phenomena. Two-dimensional analyses were used to
model details of the structural behavior caused by the axial load
environment, Methodology and results are presented for several launch
environments.
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FINITE ELEMEIW’ MODEL3 TO PREDICI’THE SrRUCrUliAL RESPONSE
OF 120-MM MBO’lYRODS DURING IAUNCH

D. A. Rabcrn, Ph. D.*
I,os Alamos National I.ahoratory

Los Alamos, NM

K. A. 13annistcr, Ph.]].
US Army 13allistic Research Laboratory

Aberdeen Proving Grounds, Ml)

Previous studies have used numerical simulations ‘.n two- and threc-
dimcnsions to characterize the structural response of sabdhd systems during
launch. Considerable effort was dedicated to nxisymme~ric finite element
mwdyses to model the sabot and rod and their interface in qunsi-static and
dynamic simulations [1], These calculations provide a good representation of
stresses induced from the axial accelerations that occur during launch. They did
not model the details of several sabot petals, tube s~raightness, or tube droop.
More rcccnt efforts have included using three-dimensional dynamic finite
clcmcnt analyses to model the axial and Intarnl accelerations associated with
prc)jcctilc launch from smooth-bore guns while the projectile was inborc [2,3],
This paper presents recent modeling techniques thut extend numerical modeling
cnpabilitics in two- and three-dimensions to include inborc parameters that n~oct
the l[i~iit path of the projcctilu. The nnaly~cs were focused m determining
motions impnrtcd to the projectile components during inborc truvcl nnd on
undmwtnnding suhscqucnt motion~ of the projcclilc uficr :IIuzzlc exit. l’hc
ultimnlc go~IIMhere UN to cnm Ircthe structural intqrity of the projectile during
l:~unch nnd to rcducc the di~pcrsinn of kinetic crwrgy (KK) round~ nt the t..nrgvl.
‘1’hcsc recent code npi)licntion~ UIN1ll~(!tllo(lologi~!~ [lrc rcvicwcd nnd typicul
lTHllltHfrolll tll(! CillCUliltiollH ill”t’ I)lVN[!~ltWl,
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Figure

24.25 in. (615.9 mm)
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1, M829 sabothod schcnmtic,

occur with the sabotirod systems, but lateral bending is mimimal. A rough
estimate of peak lateral accelerations for saboth-od systems is 1 to 10% of the peak
nxial acceleration, or for the 120-mm gun, about 500 to 5000 g’s. This lateral
acceleration is the deciding criterion for determining whether two-dimensional
axisymmetric analyses or three-dimensional analyms will su!llce in a specific
simuln~ion. I’hrcc-dimcnsiomd analyses, while desirable, are cxpcnsivc, and
they rcquim cxtansivc computer rcsourccs. The advantnge of two-dimensional
models is thnt very detnilcd modclin% of sabothd interfaces and system
components cm bc complctcd. The disadvantages arc tho absence of the lateral or
torsional load environments and the inability to model nonsymmetric geometry,
Huch as the discontinuity associated with snbot petals.

.Sevcral numerical nnnlysis appronchcs to model the launch of snhoUmd
c[!n bc used, depending on the problcm, the results nccdcd, and the mnnpowcr
:lnd cnmputcr rcwmrcos nvnilnbk to the nmdy~t, Ileum modols for predicting the
ii~i[~l [ml lutcrul motion of the robot nnd rod huvc bmm used with succcss for s(mw
ilppli Cllti(lllS. ‘1’hww Cod(!&+umml Iy run on ])(BrSOIlillcomputcr~ ttlilt require
Illiililllill computing rosoum!fi. ‘I’W()-(lilll(’llNi()llill, finitm (?h!lll(!llt (!olllplltiltioll~”
tli:~t nr[! stutic [Id Iincitrly (llii~ti~ilr(! US(XI to h(ly th(~i~xii~l Ioi\d cnvironnwnt
llSt+OCiilt4dwith lil UIICtl. ‘I’W().(lilll(! llSi()fliil dyllillllit, mmlinmr nnulys(!~ mquiru
[Alitimllll C(lIll~)~ltiltioIlillruw)ur(:(w, I)ut thy ind U(ICilllp)rtilllt dTW%S CUUIK!(I I)y
tll[’ (Iynllmic Iond (’llvir(mllmlt nn(l hy mlit(’riul n(mlilwnrity. ‘I’W()-(lilllt’llHi()hill
rl’z(lnif]g i~ uIN()mw(l to mo(kl fn[lt(!rinl~ with Iurgc nonlimmr (I(!forltliltiolls,” such
ils ol)turntor~l (Iuriflti th(’ l’ll~ruving proc(vw, LSilllUliltill~~th(! (Iynnmic ilXiill,
Iill(’1.;ll, illl(l tf}IWi(lllill(~r]vil.olllll(’llt.~ wi!,tt I:IIIIICII1[11)(’(Ir(}ol), lw(:(’l]tric lllilSS[’S,
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and nonsymmekic geometry requires dynamic three-dimensional finite clcmcnt
codes. These codes arc used to model the gun and ammunition system for the
duration of launch. A summary of the computational rcquircmcnts for some
typical inborc sabothod analyses is prcscntcd in Ttiblc 1. This table is shown only
to constrast the different analytical rcsourccs required.

TWO-13-iMENSIONAL SI~TIONS

A typical dynamic analysis of the M829 sabotkod system in two dimensions
was completed with the DYNA2D finite element code [4]. This type of analysis is
used ta determine the stmctural behavior of the sabotirod system caused by the
axial load environment. Changes in sabot geometry affect the way load is
transferred to the rod. A two-dimensiona! dynamic analysis can be used to
optimize sabot geometry to distribute the load into the rod as desired and
mimimize the parasitic weight of the projectile.

TABLE I
COMPUTATIONAL RESOURCES FOR INBORE SIMULATIONS

Code Type

213-beam

3D-beam -

2D finita
clement
21) finite
clcmcnt
21) finite
clcmcnt
21) finite
clcmcnt
21) finite
cl(!nlcn L
31) finite
c!lcm~!nt
31) finite
(!lwn(!nt

Approximate
Problem Type Computer

Run Time
(hours)

I%ojcctile + tube 0.5
1

Projcctilc + tube
I

14

Projcctih3 1-2

Projcctilc + tube 6

Projcctilc + tube and II) burn 67
code

S12Project.ilc + tube + obturator
(rcmming)

Prcjcctilc + tube + obturntor l+]:]
(rezoning) and 11) burn code

7l)roj(!ctilc + tube ( 1H()-dcg
cour~c mmh)

I)rojcctilc + tube (3(;0-dcg 10-15
mmlium mcwh)

Code

TmmE

3imEuN

DYNA211

DYNA2D

DYNA211

DYNA2r)

1)YNA21)

mm

l) YNA:ID

Computer

Apollo WS

Cray
XMP/48

~
~13/48

Cray
xMP/48

Cray
XMP/48

Cruy
XMPMH

Crny
XM1’/410

(11’ily
YMI)
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The finite element mesh of the sabothod are shown in the upper half of
Fig. 2. The obturator is not shown in the figur c. i)ctails of the threaded intcrf%wc
were not considered in this analysis. Points A, 13, and C arc rcfcrcrmed to show
typical stress results from a dynamic load environment. In the same figure, the
axial stress for the three locations is plotted from propellant ignition to peak
pressure. At location A the rod is being pulled and the corresponding tensile
stress is indicated. At location B, near the center of the rod, compressive stress is
indicated. Station C, near the front of the sabotr indicates a still higher
compressive stress.

The long duration of load does not excite natural frequencies in this
sabottrod system. This indicates that a static analysis with peak pressure would
be a reasonable compromise from which to determine stress levels in the sabot
and rod when they are subjected h an axial load environment. If the load

A
\

B
\

c
/

20

0

-40

.801L ,,, c,>%J.,,*
().0 1.0 2.() 3.0 4.0

Time (m)

m

9
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duration cccurs and causes natural frequencies
process, a dynamic solution is required. Efforts

to be excited
to determine

during the launch
the natural

rrcqucncy of the saboth-od system-me complicated by the shared boundary
conditions bctwcell the sabot and rod and the sabot petal interfaces, and by the
obturator and launch tube constraints. If natural frequency information is
extracted numerically this will only provide data for the modeled system.
Information from a finite element grid provldcs insufficient data to determine the
actual natural frequency of a syste-m, w-here the sabot can take compression, but
no tension, in the hoop direction because of the sabot splits and because the
sabotirod interface takes shear loads but only mimimal radial loading.

Modeling of the threaded interface is best accomplished using a two-
dimcnsional code. A good example of this type of modeling was documented by
Costello [5]. Additional modeling areas include recent efforts to model the moving
pressure front that follows the projectile in the launch tube and the coupled burn
codes to predict the magnitude of the pressure, coupled with the mechanical and
structural displacement of the projectile as it travels down the launch tube. “rhe~
unpublished options are not widely implemented and are still in the research
phase.

THREE=DIMENSIONAL SIMULATIONS

At the instant of firing, gun tubes are neither perfectly straight nor rigid, so
the projectile travels along a flexible cuwed path. Each launch tube has a unique
initial path that the projectile negotiates as it transits the tube. This path changes
with tube motion because of recoil, breech block eccentricity, mounting conditions,
and projcctilc, pressure, and propellant interactions, These issues must be
considered before wc can adequately predict the structural and mechanical
performance of sabotkod systems during launch. ‘rhcse components, as WCIIas
multiple sabot petals, require a thr ~e-dimensional analysis to predict lateral
aucclerations, tube movement, and tube/projectile interactions,

Previous work in thrc.c-dimensional armlyscs [2,3] were cxtcndcd to include
the projcctilo.’s bchuvic)r as it leaves the muzzle of the gun, Analyses and
cxpcrimcnts were performed to establish a methodology for predicting the
structural behavior of mbotkod systems while inborc. The suhothwd systams nnd
lhcir Inunch environments were modeled numcrici~lly to dwxnbc in detail lhc
structural bchnvior Ofcnch ~ystcm i~s it lruvcl~ down Ciich of t,hc hlunch tuhcs,
The llllmcricill modeling wlw perfm-mcd to predict tlw stress environment nnd
the response of the snhothd sy~tcm, TIN*dntn obti~incd wcru USCCIto compare the
~truct.ur:ll i ntugt-ity of the three ~cp[lr:~t[~Hiil)ol (1(’sign~ in Lhru(!scpnrntc lnu I~cII
wlvironm(!nt.~. A hricf dcwription of’ I,hr prcvimls work pcrformml is intmducmi
here ti) (~)(l)liiil~}lOW thilt work wits (~ilt)iiil~(’(1to inclu(l(’ n(’iir IIIUZZICtriij(~~to~~
iillc(irvxilin~r lll~BI:llln(!h tub(!.
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The M829 sabotirod (Fig. 1) was modeled in three di~erent 120-mm smooth-
bore launch environments. The first launch tube was perfectly straight and was
modeled ta remove the effects of lateral loading on the sabotlrod system. The
second launch tube, SN104, was used to observe the effect of minimal Iatiral
loading on the sabothd system. The third launch tube, SN81, was used to obscxwe
the effects OFsignificant lateral loads or. the system. To obtain the initial launch
tube profile of each tube, the launch tube was modeled with the ABAQUS [6] finite
element code to determine the launch tube droop caused by grawity. Line-of-sight
straightness data were superimposed on the tube droop to determine the initial
launch tube profile before propellant ignition. Figure 3 presents the ABAQUS
results (shown as the dashed line). The solid line represents the line-of-sight
straightness for Launch Tube SN104. The addition of the lateral displacements
associated with Lunch Tube droop and line-of-sight straightness provides the
initial tube profile (shown as the dash-dot line). Figure 4 presents the same
information for Launch Tube SN81. The two launch tube profiles are contrasted
in Fig. 5. Launch Tube SN104 shows minimal deviation at the end of the launch
tube. In Launch Tube SN81 the projectile must negotiate a significant launch
path change in the high velocity sec& of projectile launch. -
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Figure 3. I,ntcrnl (li~plnccmcnt versus axial locution fi]r I,[lunch Tube SN 104
nt its initinl stutc while unclcr gruvity hmding nnd with the comhinu-
tioll or the two.
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Figure 4.

These

Lateral displacement versus axial location for Launch Tube SN81
at its initial state while under gravity loading and with the combina-
tion of the two.

launch tubes were drawn from the US Army inventory. Theee
profiles give an appreciation of the variability in straighkess in a fipulation of
guns tubes and demonstrate the importxmce of considering this parameter in
dynamic simulations of 120-mm gun systems. These particular launch tubes
were chooaen for the study for eeveral reasons. Both launch tubes exhibit only
small line-of-sight deviations parallel to the ground. This enables 180-deg three-
dimensional analyses with a symmetry plane. With small changes in launch
tube straightness parallel to the ground, high energy radiography equipment,
which needs to be level, could be used to take radiographs of the sabothcds
through the launch tube and determine their deformed shapes caused by the
launch tube lateral forcing function. Three launch environments and three M829
class robot designs were studied numerically and expcrimcntdly to determine
the launch environment and sabot design influcncc on inborc structuml
pcrforrnancc. The extended work presented in thi~ paper addrosscd only the
M829 dothod in Lmmch Tubes SN81 and SN104.
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Figure 5. Comparison of lateral displacement versus axial location
for hunch Tubes SN81 and SN104.

A full-scale test program was completed to determine the M829 rod
deformed shape at three locations in Launch Tube SN81 and at two orthogonal
stations after muzzle exit. Inbore radiography with a 2,3-MeV x-ray unit and
orthogonal x-rays downrange were used to take radiographs of the sabotirod in
the launch tube and downrange [7]. Radiographs were digitized and processed to
determine the centerline of the projectile at several locations inside and outside
the launch tube. These data were used to benchmark numerical simulations
completed earlier in the study.

DYNA3D [8], an explicit finite element code, was selected for the numerical
analyses. This code has traditionally been used for dynamic transient analysis
involving impact and contact surfaces. A 180-dcg model, rather tnan a full
36!)-dcg systcm, was generated. Appropriate boundary conditions were applied on
the symmetry plane. The tube environment sclcctcd showed liltlc motion normal
to the constrained surfhcc and was assessed to have small cil’ccts on the analysis
results. With the 1M1-dcg model, the problem size was cut significantly over a full
360-dcg model. The M/WJ sahotirod mc~h in I.aunch Tube SN81 at time zero is
shown in Fig. 6.
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Figure 6. Finite clement mesh of M829 sabothd systcm and launch tube.
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Experimentally dclcmlincd rod shape.

7 r

Numcricidly dckrmincd rcd slqx.

Dctixmcd rod66 in. fmm launch tube murzk.

Defamed rod58 in. from launch tube muzzle

Dcfonmd rod 52 in. from launch Lubenwzlc.

l“ig~lrc 7. (hmpilriw)n of num(!ricnlly illl(l (?xpcrim(!nlnlly
d(!t,(!rmin(!d rod (Morrm!d Hhnp(w.
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The meshes consist of approximately 7000 nodcr and 5000 eight-node
hexahedron elements. Six materials, three sliding surfaces, two load curves, and
approximately 1000 pressure surfaces arc used in each model. Although each of
the models differs slightly, the meshes are relatively similar. The fin,
windscreen, and launch tube were modeled with elastic material models. The
obturatnr, sabo~, and rod were modeled with a work-hardening elastic-plastic
material model. The sliding surfaces occur between sabot petals, between the
obturator and the launch tube, and between the forward bell and the launch tube.

Results from three experiments were compared with results from the
numerical analyses. In these tests the M829 sabotlrod was used in Launch Tube
SN81. The deformed shape of the rod at the centerline was calculated for each test
and was plotted at the same displacement scale factor as that used in the
numerical analyses. These results are superimposed on the deformed finite
element mesh at the corresponding axial locations in the launch tube. Shown in
Fig. 7 are the comparisons at three separate locations, The launch tube’s axial
locations, rather than times, were chosen to account for the small differences in
velocity between the pnysical testing and the numerical ana~yscs. The numerical
analyRes were performed with an exit velocity of 1.65 krnh; the physical
experiments showed velocities between 1.67 and 1.69 km/s. Axial locations were
used to compare the results. As indicated in Figure 7 the deformed pattern from
testing closely matches the numerical analyses. The @p comparison shows the
rod 66 in. from the launch tube muzzle. The measurement is made from the tail
fins of the rod. The middle comparison shows the rod 58 in. from the muzzle, and
the bottom comparison shows the rod 51 in. from the rmzzlu. These data show
that the numerical analysis deformation cycle is slightly faster th~.n shown in the
physical tests. Tho c~cct is small, The general shape of both tests and numerical
analyses agree WU.11.Table 11 is a summary of the tip and tail displacements
rcfcrcnccd from the center of gravity (e.g.) of the rod from both the nurncricnl
nnalyscs and the physical tests.

Table 111 shows the peak von Mists stresses that occur in each Inunch
environment at seven sclcctcd times during the launch process. The results
indicate that for launch tube SN81, the lnt.crnl loadings do not significantly afT’cct
the sahothod until the vclocitv hm incrcimcd in the Iattcr stwzcs of launch. At this
point the c~(wt, cmnparcd wi~h
Iuunch tuhc, develops i~s much
environment.

the c~cct c)bkincd using the p& fcctly straight (1’S)
296% higher st.rcsscs hccnusc of’the Intcrnl stress

Allmr thr slu(iy wi~~ con]plct.c(l) questions iiro~~ c(mccrning muzzle cxil
pilr:!nmhr~. ‘1’hc MH2!J~i~hotir[)d num(!ricnl models w(!rc modified to inclu(h! th(!
r(!coll motion 01. tll(! lilllll~tl tlll)(’. Originillly, th(! Illllll(!riCill Hilllllliltionfl wcr(’
tvrminnlx!(l ill IIIIIZZICrxit (7,2 nlH). ‘1’hcMH29 simul:lliolls in l,il[]l~~ll ‘1’uI)L*HSNH I
:111(1~SN104 w(~rr r(!run to !).0 IIIHs() (Iiilil ~oill(l I)c [qxtril~t,(![{l)l~y[)i](lL]l(! IIIUZZI(I,
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TA13LE II
COMPARISON OF TII> ANI) TAIL DISPLACEMENTS:

EXPERIMENTAL TESTING VS NUMERICAL ANALYSES
OF M829 IN LAUNCH TU13E SN81

Axial location from muzzle of gun (in.) I
v

Numerical ti dis laccment (in.)
~p ~isplacement (in.] 0: :: :::

0.042

Numerical tail displacement (in.) -0.016 0.004 0,032
Exnerimcntal tail disdacement (in.) 4).011 0.(K)7 0.036

TAHL!.: 111
MAXIMUM VON MISES STRESS (ksi) FOR THREE LAUNCH ENVIRONMENT’S

AT SEVEN SELECTED TIMES (S)

Time 0.0034 0.0039 0,0047 0.(M53 0.0363 0.0069 0SU)72
f

SN81 m 88 75 ‘i4 6i 42 74
SN104 K2 m 76 m .52 x) w

m a M 76 63 .7 B 25

The coordinate systcm for the calculations is the same as thal used in the
original M829 simulations. The coordinate system is shown in Fig. 8, ‘l’he tube
droop of the launch tuhc is 0.069 in. The angle between coordinate systems is
0,0230 in the xy-phtnc.

‘1’hcaxial locntion of the satmthod is shown as a function of time in Fig. !).
The projectile exits the launch tube after lt17 in. of trnvcl, ‘1’hcsimulation is
terminated 293 in. from the projectile’s original position or 106 ir. afl.cr muzzle
exit. Snbot scpnration nnd acrodynnrnic forces arc not considered in these
simulations. In rcnlity, projcctil~ nmticn will bc influenced by subot separation
nnd acrodyrmmics. ‘1’hcuxinl velocity of the projectile is plotted in Fig. 1(.), ‘1’l~c
projectile nccclcrntcs to 5414 rps (1 ,6fi lmds) until it exits nt 7.2 ms, ‘1’twvelocity
rcmnin~ constunt for the rcnminder or the simul~tion.

‘1’tw avcrngc projccti 10 Iilt(?Yilldi~placcmcnt prmwntwl in Lllc numcricul
illltllyHi H Coordinillc !+ystcm is k!hown in Fig. 11, TIM! Intcrd (liHplilC(!lllL! llt iki
CUICUl[ltCd usi n~~mvcrnl Il(dill trilCX!Hillong Lh(!nxi~ Of th(! rod ilil(l ilVC!rllgillg
thc~~ trmx!~ to d(!terminc th(! ilv(!ril~(~ l:lkr[ll displ:lc(~l]l(!lll 01”tl~u rod for I,h(! M$12s)
mhotirwl in lmunch TIIIMW,SN H1 iill[l ,SN 104, A Ix)sitiv(! Ilitrrul diq)lmwnwnt
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Numerical Analysis
Coordinate System

Figure 8. Analysis coordinate systoma, M829 study.
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Figure 10. Axial velocity versus time for M829 sabothod.
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indicates that the projectile is moving toward the ground. The latcrnl velocity
the two launch environments is shown in Fi~. 12. This fiIzurc indicates that

for

l,;~unchTUbc SN 81 causesan upwardVCIOciiy of 23 in./s..I.nunchl’ubcSN 104
produces n downward velocity of 76 in,/s.

The tip and tail displacements referenced from the e.g. of the rod arc shown
for both launch tube environments in Fig. 13. ‘1’hcrigid body movement of the rod
is removed by subtracting the lateral motion from the nodal traces at the tip and
tail. ‘l’ho tip of the M829 sabotirod in Launch Tube SN104 is plotted as the solid
line, and the tail is plotted as the dashed line. The displacements arc Iargcr for
I.aunch Tube SNal. The tip is shown as the dash-dot line and the tail as the dotted
Iinc.

‘1’hclaunch tube dynamics for the two cm-w considered are also plotted,
I,ni.crnl displacement of the muzzle is shown for I,aunch Tube SNlb4 and SN81 in
Fig. 14. The lateral velocity of the muzzle is shown in Fig. 15. A summary of the
projectile and launch tube parameters at the muzzle exit are summarized in
Tahlc IV. The data presented are in the nllmcrical al~alysis coordinate systcm
(Fig. 8).
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IJigllr(! 12, Av~!rngr MH2!) projwtilu Iiltcr:il vclmnty v(!r~:l~
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Figure 13. M829 tip and tail displacement with respect to the rod
c.g, versus time in Launch ‘1’ubcs SNC1 and SN104.
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Figur~ 15. Average muzzle Iatcral velocity

for Launch Tubes SN104 and SN81.

TABLE IV
DISPLACEMENT AND VELOCITY SUMMARY OF M829 SABOT/ROD

LAUNCHED FROM LAUNCH TUBE

Launch Environment

Projectile x dispkemcnt at exit (in.)

Prcjcctilc x-velocity at uit (in./s)
Absolute maximum rod tip
x-displacement with respect to rod
cmg. (in.)
Absolute muxirnum rod tail
x-displnccmcnt with respect to rod
c-g. (in. )
Rod tip X-(liHl)lilC(!lll(? Ilt wilh rcq]cct to rod

C.g. iltexit (in. )

Ihl tnil x-(!i~~)lii~(!l]l(!l~lwith ruspcct k rod
c-g.[it~xit(irl,)
1,iilll]~htuh(! x-dis~)l[lc(’llll!rlt iltprojcclilc
rxit (in. )

I,nunch tulw x-volocit.y ilt proj(wlil(! rxit
(ird~)

SN81 AND SN104

“P

T
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Data presented in the tables and figures have been referenced to the xyz-
coordinatw system outlined in Fig. 8. Lateral velocities, pitch, and yaw arc nmrc
meaningful when referenced from the launch tube’s pointing angle XYZ-
coordinatc system. This pointing angle coordinate system was used in the
cxpcnmcntal program. Table V presents data f~om the both of the launch
environments in the XYZ-coordinate systcm for lateral vclocitics, pitch, yaw,
pitch rate, and yaw rate. Pitch and yaw data wero taken 36 in. after muzzle exit.
I)ata from Table V indicate that the projectile from Launch Tube SN81 flew
upward with a lateral velocity of 49 in./s, with a downward pitch of 0.14 dcg,
rotating upward at a rate of 304 deg%. The projectile from Launch Tube SN 104
moved laterally down at 51 in./s, with a downward pitch angle of 0,050 and an
upward rotation of 39 degh. Figure 16 is a schc~natic of projectile motion from
each launch environment.

CONCLUSIONS

Numerical tools for predicting the structural and mechanical performance
of sabotirods during launch have been used in varicus applications. The results
have been compared with cxpcrimcntal dati~ to verify their validity. Modeling
techniques have evolved to include the three-dimcrsional analyses of sabothds
nnd gun systems.

TABLE V
MUZZLE EXIT PARAMETERS IN MUZZLE POINTING ANGLE COO1{DINATH

SY.SI’EM FOR THE M829 SAT30T ROI) TN LAUNCH TU13ES SN81 ANI) SN104

\

IJaunch Itnvironmcnt SNH1 QN104

49 up 51 downI’ro”cctilc X-velocity (in./s)
I’rojcctilc pitch 3G in. from muzzle
(dcg) 0.14 down (),()5 down

I Pitch rntc #G in, from muzzle (cIc#H) I 304 up I 39 up I
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t

49 inh

304 de@

.14 deg pitch

M82936 in. from muzzle of launch tube SN 81

.05 deg pitch
‘)

39 degh

M82936 in. from muzzle of launch tube SN 104

Figure 16. M829 sabotirod motion, 36 in. after muzzle exit.

Two-dimensional finite clcrncnt codes predict the axial performance of
wd~othod systems very WC1l. llccausc peak prcssuro occurs early in projectile
trnvcl, the lateral load cnvironmc:h i~ small at this time. ‘1’hcprojectile is moving
slowly at peak prcmwc and has hwvclcd only a short distance. Predicting the
~tructural pcrformnncc of the sabothd criuscd by lateral loads requires a thrcc-
dimcnsiomd analysis. The annlyscs needs to include separate sabot petals, the
Inunch tuhc nnd launch tube profile, and recoil. l’hcsc nnalyscs nrc well in hnnd
hut cxtcnsivc postprocessing is required to make scnac of tho results. This is both
~imc consuming nnd cumbcrsomc, with Iurgc three-dimcnsionnl solution~.
(hwcful cvaluntion of rw-iults is required to verify the vulidity of numcricul nwdcls
with complex gcwmctry, dyrmmic loil(l cnvi ronlncnt~, sliding surl’uccs, Imnlilluur
nlalorilll rwpnnsr , [Illd Colllpl(!X inl(~rfiuws.
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Future work in this area will provide more
capabilities for solving a wider class of problems.

accurate solutions and greater
To accomplish this research in

the area of sliding algorithms, code coupling with burn models and moving
pressure fields arc required. These efforts will enable the analyst to predict
structural and mechanical behavior in gun and sabothod systems and will enable
them to optimize their designs for lower parasitic weight of the sabot and
mi mimal dispersion caused by projectile launch.
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